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ABSTRACT 

I 

A b r i e f  a n a l y s i s  of t h e  u t i l i t y  and s e r v i c e  p o r t i o n  
o f  t h e  Apo l lo  Command Module and Lunar  Module g u i d a n c e  com- 
p u t e r  programs was conducted  i n  s u p p o r t  o f  Bellcomm's s t u d y  
o f  t h e  f e a s i b i l i t y  of a c h i e v i n g  a s u b s t a n t i a l  r e d u c t i o n  i n  t h e  
s i z e  and complex i ty  o f  t h e  AGC s o f t w a r e .  The c u r r e n t  a l l o c a -  
t i o n  f o r  u t i l i t y  and s e r v i c e  programs i n  b o t h  t h e  CM and LM . 

computers  i s  on t h e  o r d e r  of 1 2 , 7 0 0  words.  
a n a l y s i s  i n d i c a t e s  a p o t e n t i a l  s a v i n g  o f  5000 words from t h i s  
t o t a l .  
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MEMORANDUM FOR FILE 

1. I N T R O D U C T I O N  

A s  p a r t  o f  B e l l c o r n ' s  s t u d y  o f  t h e  f e a s i b i l i t y  o f  
r e d u c i n g  t h e  s i z e  and complexi ty  o f  t h e  programs f o r  t h e  
Apo l lo  command module and l u n a r  module g u i d a n c e  computers ,  
a b r i e f  i n v e s t i g a t i o n  o f  t h e  u t i l i t y  and s e r v i c e  r o u t i n e s  
was'made. S i n c e  t h e s e  programs a re  e i t h e r  i d e n t i c a l  o r  
v e r y  c l o s e l y  r e l a t ed  i n  bo th  computers  ( e x c e p t  f o r  t h e  rou-  
t i n e s  a s s o c i a t e d  w i t h  t h e  LM radars,  which have  no  c o u n t e r -  
p a r t  i n  t h e  C M C )  t h e y  can  be d i s c u s s e d  w i t h o u t  d i f f e r e n t i a t i n g  
between t h e  CM and LM. 

The b a s e l i n e  f o r  t h e  s t u d y  w a s  an  MIT/IL document 
p r o v i d i n g  budgeted  and a c t u a l  memory word a l l o c a t i o n s  for 
CM program Colossus  Rev. 135. These are shown i n  Table  1, 
a l o n g  w i t h  t h e  e s t i m a t e d  a l l o c a t i o n s  f o r  t h e  proposed  r educed  
program, for a l l  r o u t i n e s  c a t e g o r i z e d  unde r  t h e  head ing  
U t i l i t y  and S e r v i c e  Programs. I n d i v i d u a l  r o u t i n e s  i n  t h i s  
c a t e g o r y  a l l o c a t e d  l e s s  t h a n  1 0 0  words of memory are lumped 

u t i l i t y  and s e r v i c e  programs a r e  e s s e n t i a l l y  m i s s i o n  i n d e -  
p e n d e n t ,  it was assumed t h a t  t hese  a l l o c a t i o n s  were r e p r e -  
s e n t a t i v e  o f  t h e  l u n a r  l a n d i n g  m i s s i o n  programs.  

7 - n  ullder a m i s c e l l a n e o u s  heading .  A s  t h e  r e q u i r e m e n t s  on t h e  

2. BASIC ASSUMPTIONS 

The o b j e c t i v e  o f  t h e  programming s t u d y  was t o  examine 
t h e  f e a s i b i l i t y  of  r e d u c i n g  t h e  r e q u i r e m e n t s  on t h e  g u i d a n c e  
computer  program by s i m p l i f y i n g  computer  o p e r a t i o n s  and s a c r i -  
f i c i n g  n o n e s s e n t i a l  accu racy  or minor  s a v i n g s  i n  r e q u i r e d  
p r o p e l l a n t s .  A n a l y s i s  of  t h e  t r a d e o f f s  a s s o c i a t e d  w i t h  t h e  
r e q u i r e d  g u i d a n c e  computer f u n c t i o n s  by t h e  s t u d y  group l e d  
t o  t h e  f o l l o w i n g  assumpt ions  p e r t i n e n t  t o  p o t e n t i a l  r e d u c t i o n s  
i n  t h e  s i z e  of t h e  u t i l i t y  and s e r v i c e  r o u t i n e s :  

a. E x t e n s i v e  use  of  s i n g l e  p r e c i s i o n  a r i t h m e t i c  o p e r a t i o n s ,  
i n  p l a c e  o f  c u r r e n t l y  used  d o u b l e  p r e c i s i o n ,  was 
f e a s i b l e .  
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3. 

b. Computer o p e r a t i o n s  i n  r e s p o n s e  t o  a hardware- 
g e n e r a t e d  r e s t a r t  would be g r e a t l y  s i m p l i f i e d ,  and 
t h e  r e q u i r e m e n t s  f o r  " res ta r t  p r o o f i n g "  o f  programs 
would be e l i m i n a t e d .  

c .  The number of nouns d e f i n e d  f o r  D S K Y  u s e  would be 
r educed  and t h e  r e q u i r e m e n t s  on i n p u t  and d i s p l a y  
s c a l i n g  would be r e l a x e d .  

d .  A t ime-mul t ip l exed  e x e c u t i v e  s y s t e m  was f eas ib l e  and 
would r e s u l t  i n  a s t r i c t  t i m e  cadence  o f  programs 
i n  e a c h  m i s s i o n  phase .  T h i s  would r e p l a c e  t h e  c u r r e n t  
j o b  l i s t ,  p r i o r i t y - b a s e d  e x e c u t i v e .  

PROGRAM SIZE ESTIMATES 

Each o f  t h e  ma jo r  programs grouped  unde r  t h e  c a t e g o r y  
o f  U t i l i t y  and S e r v i c e  Rou t ines  was a n a l y z e d  from a f u n c t i o n a l  
v i e w p o i n t .  I n  some i n s t a n c e s ,  as f o r  example ,  w i t h  t h e  res ta r t  
programs,  t h e  a s sumpt ions  o u t l i n e d  above a l lowed  a comple te  
e l i m i n a t i o n  o f  a f u n c t i o n ,  and t h e  c o r r e s p o n d i n g  s i z e  es t imate  
c o u l d  be r educed  t o  z e r o .  I n  t h e  o t h e r  c a s e s  t h e  proposed  s i z e  
r e d u c t i o n s  were based e i t h e r  on t h e  e l i m i n a t i o n  o f  some s e t  o f  
s u b f u n c t i o n s  per formed by a g i v e n  r o u t i n e  or a g e n e r a l  reduc-  
t i o n  i n  t h e  o v e r a l l  r e q u i r e m e n t s  o f  t h e  m i s s i o n  programs.  

3 . 1  Major Reduc t ions  

3 . 1 . 2  P i n b a l l  and D i s p l a y  I n t e r f a c e  

The P i n b a l l  program i n c o r p o r a t e s  t h e  l o g i c ,  c o n t r o l ,  
and da ta  m a n i p u l a t i o n  c a p a b i l i t i e s  r e q u i r e d  f o r  t h e  exchange 
o f  i n f o r m a t i o n  between t h e  a s t r o n a u t  and t h e  gu idance  computer .  
A ma jo r  c o n t r i b u t i o n  t o  t h e  s i z e  o f  t h i s  program i s  t h e  number 
of  nouns d e f i n e d  f o r  a g iven  m i s s i o n .  Each d e f i n e d  noun re-  
q u i r e s  e n t r i e s  i n  one o r  more t ab les .  I n  a d d i t i o n ,  many nouns 
r e q u i r e  s p e c i a l  s c a l i n g  r o u t i n e s  f o r  i n p u t  and d i s p l a y .  The 
30% r e d u c t i o n  i n  t h e  P i n b a l l  a l l o c a t i o n  i s  based p r i m a r i l y  
on r e d u c i n g  t h e  number o f  nouns and t h e  a s s o c i a t e d  s c a l i n g  
r o u t i n e s .  

I n  a d d i t i o n ,  t h e  s e t  o f  programs unde r  t h e  l a b e l  
D i s p l a y  I n t e r f a c e  are  r e l a t e d  t o  DSKY o p e r a t i o n s .  These 
r o u t i n e s  p r o v i d e  f o r  v a r i o u s  i n t e r l o c k s  t h a t  p r e v e n t  over -  
l a p p i n g  usage  of t h e  D S K Y  by  c o n f l i c t i n g  m i s s i o n  programs.  
The a lmos t  complete  e l i m i n a t i o n  of  t h i s  a l l o c a t i o n  was based  
on t h e  proposed  change i n  e x e c u t i v e  s t r u c t u r e .  

I 
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3.1.3 I n t e r p r e t e r  

The AGC i n t e r p r e t e r  was a l s o  a n a l y z e d  i n  some d e t a i l .  
The basis f o r  t h e  a lmos t  50% r e d u c t i o n  i n  memory a l l o c a t i o n  
was p r i m a r i l y  a r e s u l t  of t h e  assumpt ion  o f  i n c r e a s e d  u s e  o f  
s i n g l e  p r e c i s i o n  a r i t h m e t i c  o p e r a t i o n s .  On t h e  basis of t h e  
t i m e  a v a i l a b l e  f o r  t h i s  s t u d y  it  was n o t  p o s s i b l e  t o  d e t e r m i n e  
i n  f a c t  whether  a n  i n t e r p r e t e r  w a s , r e q u i r e d .  However, even i f  
t he re  was no  l o n g e r  a need  for i t ,  these  1 2 0 0  words a l l o c a t e d  
were f e l t  t o  be a r e a s o n a b l e  es t imate  o f  t h e  s i z e  of t h o s e  
s u b r o u t i n e s  ( s u c h  as t h e  t r i g o n o m e t r i c  f u n c t i o n s )  which would 
s t i l l  be r e q u i r e d .  

4 .  CONCLUSION 

The t o t a l  r e d u c t i o n  i n  t h e  memory a l l o c a t i o n  budget  
f o r  u t i l i t y  and s e r v i c e  programs amounts t o  abou t  5000  words,  
as shown i n  T a b l e  1. It must be emphasized t h a t  e s t ina t e s  o f  
program r e q u i r e m e n t s  are n o t o r i o u s l y  d i f f i c u l t .  Fu r the rmore ,  
t h e  t i m e  a v a i l a b l e  for t h i s  s t u d y  a l lowed  o ~ l y  a f i r s t  c u t  
a t  a n a l y z i n g  t h e  change i n  r e q u i r e m e n t s  f o r  u t i l i t y  and 
s e r v i c e  r o u t i n e s  t h a t  w o ~ l d  resG3.t from t h e  s i m p l i f i c a t i e n s  
i n  G&N m i s s i o n  o p e r a t i o n s  and i n  t h e  a s s o c i a t e d  computer  
programs.  Thus,  t h e  es t imate  t h a t  t h e  U t i l i t y  and S e r v i c e  
F u n c t i o n s  i n  a reprogrammed A G C  would r e q u i r e  a b o u t  7 7 0 0  
words must be i n t e r p r e t e d  w i t h  c a u t i o n .  

10 3 1- J J R -  s e 1 

I 

. -  



.- , . 
BELLCOMM, I N C .  

UTILITY AND SERVICE ROUTINES 

(Co lossus  Rev.135) 
Program Budget Ac tua l  Proposed  

3000 2875 2000 P i n b a l l  and Noun Tab les  
I 

I n t e r p r e t e r  + S u b r o u t i n e s  2262 2198 1200 

T4 Rupt 875 789 8 0 0  

Di sp lay  I n t e r f a c e  700 

Systems T e s t  650 

IMU'  Mode Swi tch ing  580 

Extended V e r b s  550 

Down Link  + L i s t s  500 

F r e s h  S t a r t  & Restart  4 2 0  

Restart  Rou t ines  & Tab les  400  

E x t e n t  Mark 353 

Execu t ive  328 

S e l f  Check 310 

Program S e l e c t  300 

I M U  Compensation 250 

Wait L i s t  240 

RTB Op. Codes 200 

Phase  Tab le  Maintenance 183  

Misce l l aneous  578 , 

TOTALS 12 ,679  

SAVINGS 5019 

678 

633 

573 

526 

371 

396 

374 

358 

332 

314 

268 

246  

240 

147 

183 

586 

12,087 

4327 

100 

1 0 0  

240 

1 0 0  

360 

7660 

TABLE I 
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